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ABSmiCT 


Timoshenko's  theory  of  flexural  notions  in  an  elastic  bean  takes 
into  account  both  rotatory  inertia  and  transverse  sheer  defornation  and, 
accordingly,  contains  two  dependent  variables  Instead  of  the  one  trans- 
verse dlsplacenent  of  classical  theory  of  flexure.  For  the  case  of  forced 
notions,  the  solution  Involves  conplicatlons  not  usually  encountered.  The 
difficulties  nay  be  surmounted  in  several  ways,  one  of  which  is  presented 
in  this  paper.  The  method  described  Bakes  use  of  the  property  of  orthog- 
onality of  the  principal  nodes  of  free  vibration  and  uses  the  procedure  of 
R.  D.  Mlndlln  and  L.  E.  Goodaan  in  dealing  with  tine-dependent  boundary 
conditions.  Thus,  the  most  general  problem  of  forced  notion  is  reduoed  to 
a free  vibration  problem  and  a quadrature. 
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Timoshenko's  theory  of  flexural  motions  of  elastic  beams , in  contrast 

to  the  elementary  Bernoulli -Euler  theory,  allows  for  corrections  for  shear 

deformation  and  rotatory  inertia.  Though  derived  more  than  30  years  ago  (l)\ 

2 

and  attracting  the  attention  of  many  workers  in  the  field  , no  complete  solu- 
tion of  the  most  general  boundary  value  problem  of  a finite  beam  with  time- 
dependent  boundary  conditions  of  any  admissible  combination,  acted  upon  by 
time -dependent  normal  loads  end  bending  moments  with  specified  arbitrary  initial 
conditions , seems  to  have  been  developed  to  date. 

A major  difficulty  in  solving  boundary  value  problems  governed  by  Timo- 
shenko-type (4),  (5)  equations,  consists  in  finding  a proper  combination  of 
two  (or  more)  "displacement"  components,  which  would  exhibit  the  property  of 
orthogonality.  This  property  is  essential  in  developing  series  solutions  by 
the  classical  (D.  Bernoulli)  method  of  separation  of  variables.  In  a recent 
paper  (6)  it  was  shown,  by  means  of  the  example  of  a Timoshenko- type  theory 
of  longitudinal  motions  of  rods,  how  this  difficulty  may  be  overcome  by  making 
use  of  Lagrange’s  equations  of  motion. 

An  additional  difficulty,  typical  of  any  vibration  problem  with  initial 
and  boundary  conditions,  arises  when  one  or  more  boundary  conditions  are  time- 
dependent.  In  (6)  it  was  demonstrated,  how  this  complication  may  be  removed 
by  solving,  in  certain  cases,  certain  static  problems. 


1.  Numbers  in  parentheses  refer  to  the  Bibliography  at  the  end  of  the  paper. 

2,  An  account  of  the  problem  Is  given  in  the  recent  papers  (2)  and  (3 ) and 
In  the  bibliographies  to  these  papers. 
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In  contrast  to  the  procedure  of  (6),  and  aa  • counterpart  of  it,  we 
attack  here  the  general  forced  vibration  problem  directly,  without  recourse 
t.o  Lagrange's  equations.  Thereby,  the  tima-defiendency  of  the  boundary  con- 
ditions is  dealt  with,  by  making  use  of  the  idea  of  (7). 

Thus,  the  most  general  boundary  value  problem  of  a finite  Timoshenko 
beam,  will  be  reduced  to  the  solution  of  the  corresponding  free  vibration 
problem  and  an  integration. 


Statement  of  Problem 


Timoshenko '8 
in  the  equations  of 


theory  of  flexural  motions  of  elastic  beams  is  contained'* 
moti on 


k ( y"-  V)  &A  * - 9 

fc4  y?+  k'(y W)G/jrJ  + Ms/fA  = Y- 


[1) 


the  6tre8s-displa cement  relations 

m-  - £ r t-' 

Q = k'  (y'-s  )A& 


the  boundary  conditions 


J.  For  derivation  of  those  equations,  consult,  for  example,  (S).  Ms  is 
the  net  bending  moment,  per  unit,  of  length,  along  the  beam,  due  to  the  appli- 
cation of  shear  tractions  on  the  cylindrical  surface  of  the  beam.  This  moment 
is  usually  omitted,  and  3?  retained  in  the  present  paper  for  the  sake  of  com- 
pleteness. 


1.  At  each  point  along  the  length  of  the  beam)  ore  member  of  each  of  the 

products  ycya zxl  4 must  be  specified.  r 

2.  At  each  end  of  the  bar*  one  member  of  each  of  the  products  y Q and  4" M 
must  be  sped  fled , 

and  the  Initial  conditions 

The  initial  displacements  and  velocities  must  be  specified.  [4] 

In  [1]  to  [4]  the  symbols  have  the  following  meanings: 

Young's  modulus 
shear  modulus 

shear  deflection  coefficient 
mass  density 

transverse  displacement  of  a cross-cectioc 
angle  of  rotation  of  a cross-section 
area  of  the  croae-oecti on 
area  moment  of  inertia  of  the  cross-section 
cross-sectional  radius  of  gyration,  r*-  I /A 
net  transverse  load,  per  unit  of  length 
net  (bending)  moment,  due  to  applied  axial  shears 
bending  moment 
transverse  shear 

Primes  indicate  differentiation  with  respect  to  x » the  coordinate  along  the 
centroidal  axis  of  the  beam,  and  dots  indicate  differentiation  with  respect 
to  time. 

Aa  a convenience  in  specifying  the  boundary  conditions,  the  following 
notation  will  be  employed : 
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where  £ is  the  length  of  the  beam. 

Accordingly,  the  boundary  conditions  [3]  become 

8 = f (t)  l - 12  3 4-  [3'] 

in  which  the  four  functions  f (t)  are  prescribed. 

The  initial  ccoditiona  [4]  are  specified  by  four  arbitrary  functions 
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Tnt  YlbnUgflg 

As  a preliminary  to  the  study  of  forced  vibrations,  we  shall  be  con- 
cerned with  the  problem  of  free ^vibration,  specified  by  the  homogeneous  dif- 
ferential equations  of  motion 


fc'(y •-*•)©/*  - y 

E^A  4 !<’  (y  '-VjG/fr1  = Y 


[5] 


and  homogeneous  boundary  conditions 

B = O ( - I,  2 3 b 


[6] 
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Considering  solutions  in  the  form 


f r 

V4 


y(x,  O =•  W*)  cot 

[7] 

^(x(lj  =•  H7  (k)  smait 

we  nay  show  that  the  equations  of  motion  [5]*  together  with  the  boundary  condi- 
tions [6],  are  satisfied  for  an  infinite  set  of  discrete  frequencies  * each 
of  which  corresponds  to  a mode  shape  given  by  functions  Yn  (x ) and  (*)  . 
These  modes  are  determined}  except  for  a multiplyinp  factor}  common  to  both 
functions*  from  the  equations 

t8] 

or*  because  of  [2]*  from  the  equations 

On  “ 

[9J 

- h>Q„-  -fio^ 

We  proceed  to  formulate  the  property  of  orthogonality  of  the  principal 
modes  of  free  vibration*  usinp  Rayleigh’s  method  (9). 

We  multiply  the  first  of  [9]  by  and  the  second  of  [9]  by  * 
integrate  over  the  length  of  the  beam  and  obtain*  after  integration  by  parts* 

-)'A  ^ \ XTC  dx  - j Q'n  Y’  oix  = <W*X,j  - (w0X'  ax 

o o o o 
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The  eight  functions  correspond  to  the  four  functions 

of  (7).  They  are  determined  in  such  a way  as  to  make  the  boundary  conditions 
on  the  functions  s ; and  sr  homogeneous.  This  can  be  done  for  all  possible 
combinations  of  boundary  conditions,  taking  q and  a to  be  polynomials 

oiy  oif 

and  choosing  the  coefficients  accordingly.  It  is  necessary  only  to  compute 
those  of  Lhe  ^ for  which  the  corresponding  f (t)  do  not  vanish. 

If,  as  a first  example,  the  boundary  conditions  are  specified  by 
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f.(t) 
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fj(l) 

f,(0 


the  functions  ^ ^ , which  make  the  boundary  conditions  on  Sy  , s ^ 

homogeneous,  are  calculated  to  be 


%y  <*> 
%r(%) 
(*  > 

(%> 

%y  (*) 
(*> 


= (e-x)/Bi 


« X/A 


k G- 


V (x) 

V <*> 


' 

» 


If,  in  the  exceptional  case,  at  both  ends  of  the  beam  time-dependent  moments 
and  shears  are  specified  by 

Q Co)  = f,  ( t) 

M (o)  > f2  (t) 

Q ( e ) - f,  a; 

M (0  - Ct) 

the  functions  are  found  to  be 

(*)  = ' * 72  CA  W G- 
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The  remaining  problem  consists  in  finding  sy(*,0  and  Sv  (*,  O from  the 
differential  equations 
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the  boundary  conditions 

6=0  t * I 1 3 4 

L l>l 

and  the  initial  conditions 


Vx'°>= 

sJ>,o)--X(>).|n  (x)  f (o) 

(»l  «*'*' 

sy(*,o)  - £,(«)- 1 9 (*)  { (o) 

Sy(X,0)  - 40(X)-|  Q (x)  f (O) 

^ , «,  cfir  ' ' «- 


We  seek  a solution  in  the  form 

Syf'X.t)  = I X(‘)  X,^) 
Vh‘)*|'F,(«)T,iO 

Vl  = l n 

assuming^  that  the  principal  modes  form  a complete  set. 


4.  This  assumption  could  be  Justified , by  generalizing  the  proofs 
pleteness  given  by  Coursnt  and  Hilbert  (10)  and  by  .Kemble  (11)  to  the 
two  dependent  variables. 
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[15) 


[16) 


[1?) 


of  con- 
case  of 
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[18] 


To  find  \(t)  we  exyend  first 

% = l,  G- 

n *» 

Multiplication  of  the  first  of  [18]  by  » of  the  second  of  [18]  by  rJVf^,, 
addition  and  integration  over  the  length  of  the  beam  results*  in  view  of  [12] * 
in 


&.  = 

to 


fix'* '"?:)<>* 


[Wj 


It  nay  be  observed  that  It  la  sufficient  for  the  coefficients  & . 

l n 9 

in  the  first  and  second  of  [18]*  to  be  the  sane. 

We  expand  further 

oO 
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[20] 


Operations  similar  to  those  on  [18]  and  again  with  the  application  of  [12] 
yield 


in 


ffr(%OX  + $ (K-9.J]  -X } * 

f(v>*"Kl)d* 

o 

Also  we  expand  the  applied  tine-dependent  loads  and  moments 

9 -/f a = Z Q„(t)X,M 
K/?J  = f Q„(t)%(*) 


[21] 


[22] 


M = / 


-10- 


In  the  ease  Banner  ae  in  the  expansions  [18]  and  [20]  we  obtain  the  (t ine- 
rt** pendent  ) coafficient  in  [22] 


ft&X+rirtyd* 


3,  “ “ 


[»] 


Thu* , each  tan*  in  the  equations  [14]  is  an  infinite  series.  Equating  the  n-th 
terns  we  obtain 
4 


[24] 


2G£*;ft  -*£Ym\  * Q"^  - £ K 

% + '('lx 

where  use  has  been  aade  of  [9]. 

Dividing  the  first  equation  of  [24]  by  and  the  second  by  , 
there  result  two  identical  equations  on  Tn 

t * < T«  - 4 ^ '(  * .1  pn 0)  >«y  t*j] 

the  solution  being 

t 

T, Amco*c>nt  + +4,  P (r)  smcjn(t  r)o/ir  [26] 

O 

The  constants  of  integration  Ar  and  8n  are  det* mined  frost  the  initial  condi- 
tions [16]. 

Expanding  the  initial  displsceeents  ir.  a series  of  principal  nodes 

% <*)  - £ c V 


[27] 
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as  well  as  the  initial  velocities 


-H- 


[28] 
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the  expressions  for  the  coefficients  Ch  and  Dn  are  determined 

of  [12] 

_ j(y*X,  ^2 ^ 

c" = 7<rE~1,sr,)‘* 

o 

J(XK  *t''i  )°** 

D"= 

o 

Subetituticn  of  [27]  and  [28]  in  [16]  results  in 

T»  +lG„r  Col  » C„ 

t W + Z * <°)  “ D" 

l-l 

From  [26]  we  here 

Tn  (°)  = A- 

T„  (O)  = GJ„  Bn 

Thus  4 

4 ' ' 

This  completes  the  formal  solution  of  the  problem. 


by  meklng  use 
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Washington  25,  D.C. 

Attn:  TD-4l,  Technical  Library  (1) 

Naval  Air  Experimental  Station 
Naval  Air  Materiel  Center 
Naval  Base 

Philadelphia  12,  Pennsylvania 
Attn:  Head,  Aeronautical  Materials 

Laboratory  (1) 

Chief  of  Bureau  of  Yards  & Docks 
Navy  Department 
Washington  25»  D.C. 

Attn:  Code  P-3 14  (l) 

Officer  in  Charge 

Naval  Civil  Engr.  Research  and  Eval. 

Laboratory 
Naval  Station 

Port  Hueneme , California  (1) 

Superintendent,  U.S.  Naval  Post 
Graduate  School 

Annapolis,  Maryland  (l) 

Commander 

U.S.  Naval  Proving  Grounds 

Dahlgren , Virginia  (l) 
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U.S.  Air  Forces 
The  Pentagon 
Washington  25,  D.C. 

Attn:  Research  & Development 

Division  (l) 

Ccrrmandinp  General 
Air  Materiel  Command 
Wright-Patterson  Air  Force  Base 
Deytor  , Chlo 

Attn:  MCHEX-P  (E.  H.  Schwartz)  (1 ) 
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Office  of  Air  Research 
Wright-Pa tiers on  Air  Force  Base 
Dayton,  Chio 

Attn:  Chief,  Applied  Mechanics 

Group  (1) 

OTHER  GOVERNMENT  AGENCIES 

U.S.  Atomic  Energy  Coomi salon 

Division  of  Research 

Washington,  D.C.  (1) 

Argonne  National  Laboratory 
P.0.  Box  5^07 

Chicago  80,  Illinois  (1) 

Director 

National  Bureau  of  Standards 
Washington,  D.C. 

Attn:  Dr.  w.  H.  Raaberg  (1) 

U.S.  Coast  Guard 
1300  E Street,  N.W. 

Washington,  D.C. 
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Madison,  Wisconsin 
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National  Advisory  Connittee  for 
Aeronautics 
1724  F Street,  N.W. 

Washington,  D.C.  (1 ) 

National  Advisory  Committee  for 
Aeronautics 
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Attn:  Dr.  E.  Lundquist  (l) 

National  Advisory  Committee  for 
Aeronautics 

Cleveland  Municipal  Airport 
Cleveland,  Chio 

Attn:  J.  H.  Collins,  Jr.  (1) 

U.S.  Maritime  Commission 
Technical  Bureau 
Washington,  D.C. 

Attn : Mr.  V.  Russo 
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Fritz  Engineering  Laboratory 
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Nieve  Lean  76 

Del  ft,  Holland  (l) 

Professor  M.  A.  Biot 
1819  Broadway 
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Dept,  of  Civil  Engineering 
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Lafayette,  Indiana  (1) 
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Dept,  of  Civil  Engineering 
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Dr.  G.  F.  Carrier 

Graduate  Division  of  Applied  Mathematic* 
Brown  University 

Providence,  Rhode  Island  (1) 

Hr  a . Hilda  L.  Cooper 
150  Ravine  Avenue 

Yonkers,  New  York  (1) 

Dr.  Antoine  E.  I.  Cray* 

Nejrrpic 

Boite  Iostele  52 

Grenoble,  France  (1) 

Professor  J.  P.  Den  Hartog 
Massachusetts  Institute  of  Technology 
Cambridge  39,  Massachusetts  (1) 

Dr.  Herbert  Deresiewicz 

Dept,  of  Civil  Engineering 

Columbia  University 

632  West  125th  Street 

New  York  27,  New  York  (1) 

Dr.  C.  0.  Dohrenwend 

Rensselaer  Polytechnic  Institute 

Troy,  New  York  (1) 

Professor  T.  J.  Dolan 
Dept,  of  Theoretical  and  Applied 
Mechanics 

University  of  Illinois 

Urbane,  Illinois  (1) 

Professor  Lloyd  Donnell 
Dept,  of  Mechanics 
Illinois  Institute  of  Technology 
Technology  Center 

Chicago  16,  Illinois  (1) 

Professor  D.  C.  Drucker 
Brown  University 

Providence,  Rhode  Island  (1) 

Dr.  A.  Eckert 

Watson  Scientific  Computing  Laboratory 

61?  West  116th  Street 

New  York  27,  New  York  (1) 

Dr.  L.  Ekstein 
Ar-iour  Research  Foundation 
Illinois  Institute  of  Technology 
Chicago  16,  Illinois  (l) 
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Engineering  Library 
Columbia  University 
New  York  27,  New  York 

Professor  E.  L.  Eriksen 
University  of  Michigan 
Ann  Arbor,  Michigan 

IVofessor  A.  C.  Erir.gen 
Illinois  Institute  of  Technology 
Technology  Center 
Chicago  16,  Illinois 

Dr.  W.  L.  Esaeijer 
Technische  Hooge school 
Nlewe  Lean  76 
Delft,  Hollaed 

Professor  A.  M.  Freudenthal 
Dept,  of  Civil  Engineering 
Columbia  University 
New  York  27,  New  York 

Professor  B.  Fried 
Washington  State  College 
Pullman,  Washington 

irofessor  K.  0.  Friedrichs 
New  York  University 
Washington  Square 
New  York,  New  York 

Professor  M.  K.  Frocht 
Illinois  Institute  of  Technology 
Technology  Center 
Chicago  16,  Illinois 

Professor  J.  M.  Garre Its 
Dept,  of  Civil  Engineering 
Columbia  University 
New  York  27,  New  York 

Dean  J.  A.  Goff 
University  of  Pennsylvania 
Philadelphia , Pennsylvania 

Mr.  Martin  Goland 
Midwest  Research  Institute 
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Kansas  City  2,  Missouri 

Jr  . N.  woodier 
lept.  of  Mechanical  Engineering 
Stanford  University 
Stanford,  California 


Dr.  L.  E.  Goodman 

Dept,  of  Civil  Engineering 

University  of  Illinois 

Urbana,  Illinois  (l) 

Dr.  R.  J.  Hansen 

Massachusetts  Institute  of  Technology 
Dept,  of  Civil  & Sanitary  Engineering 
Cambridge  19,  Massachusetts  (1) 

Professor  R.  M.  Hermes 

University  of  Santa  Clara 

Santa  Clara  , California  (l) 

Professor  G.  Herrmann 

Dept,  of  Civil  Engineering 

Columbia  University 

New  York  27,  New  York  (1) 

Professor  M.  Hetenyi 
Northwestern  University 
The  Technological  Institute 
Evanston,  Illinois  (1) 

Professor  T.  J.  Higgins 

Dept,  of  Electrical  Engineering 

University  of  Wisconsin 

Madison  6,  Wisconsin  (l) 

Dr.  h.  J.  Hoff,  Head 
Dept,  of  Aeronautical  Engineering 
& Applied  Mechanics 
Polytechnic  Institute  of  Brooklyn 
99  Livingston  Street 
Brooklyn  2,  New  York  (1) 

Professor  M.  B.  Hogan 
University  of  Utah 

Salt  Lake  City,  Utah  (1) 

Professor  D.  L.  Holl 
Iowa  State  College 

Ames,  Iowa  (1) 

Dr.  J.  H.  Holloraon 

General  Electric  P-esearch  Labs. 

1 River  Road 

Schenectady,  New  York  (l) 

Dr.  w.  H.  Hoppmann 
Dept,  of  applied  Mechanics 
The  Johns  Hopkins  University 
Baltimore,  Naryland  (1) 
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Stanford  University 

Stanford,  Californio  (1) 

Professor  Bruce  G.  Johnston 

University  of  Michigan 

Ann  Arbor,  Michigan  (l) 

Professor  K.  Jdotter 
Stanford  University 
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Professor  J.  Krefeld 
Dept,  of  Civil  Engineering 
Columbia  University 
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Professor  B.  J.  Lazan 
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University  of  Minnesota 
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Division  of  Applied  Mathematics 
Brown  University 


irovidence,  Rhode  Island  (1) 

Professor  George  Lee 

Rensselaer  Folytechnic  Institute 
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Professor  J.  M.  Lessells 
Massachusetts  Institute  of  Technology 
Cambridge  19,  Massachusetts  (1) 

Library,  Engineering  Foundation 
29  West  19th  Street 

New  Yoik,  New  York  (1) 

Professor  Paul  uieber 

Dept,  of  Engineering 

Rensselaer  Polytechnic  Institute 

Troy,  New  York  (1) 

Dr.  Hsu  Lo 
Purdue  University 

Lafayette,  Indiana  (1) 
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Professor  C.  T.  G.  Looney 
Dept,  of  Civil  Engineering 
Yale  University 

New  Haven,  Connecticut  (l) 

Dr.  J.  L.  Lubkln 
Midwest  Research  Institute 
4049  Pennsylvania  Avenue 


Kansas  City  2,  Missouri  (1) 

Professor  J.  F.  Ludloff 
School  of  Aeronautic* 

New  York  University 

New  York  53  v New  York  (1) 

Professor  J.  N.  Macduff 
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Professor  C.  W.  MacGregor 
University  of  Pennsylvania 
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Professor  Lawrence  E.  Malvern 
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Carnegie  Institute  of  Technology 
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Brown  University 
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Professor  J.  Marin 

Pennsylvania  State  College 
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Dr.  W.  P.  Mason 

Bell  Telephone  Laboratories 
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Profeaaor  R.  D.  Kindi in 

Dept,  of  Civil  Engineering 

Columbia  University 

632  West  125th  Street 

New  York  27,  New  York  (15) 

Dr.  A.  Nauai 

136  Cherry  Valley  Road 

Pittsburgh  21,  Pennsylvania  (1) 

Professor  Paul  M.  Naghdi 

Dept,  of  Engineering  Mechanics 

University  of  Michigan 

Ann  Arbor,  Michigan  (l) 
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Professor  N.  M.  Newmark 
Dept,  of  Civil  Engineering 
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Urbana,  Illinois  (1) 

Professor  Jesse  Ormond royd 
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Dr.  W.  Osgood 

Illinois  Institute  of  Technology 
Technology  Center 

Chicago  16,  Illinois  (1) 

Dr.  George  B.  Pegraa 

Committee  on  Government  Aided  Research 

313  Lou  Memorial  Library 

Columbia  University 

Hew  York  27,  New  York  (1) 

Dr.  R.  P.  Petersen 

Director,  Applied  Physics  Division 
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Meetinghouse  Research  Laboratories 

Eaet  Pittsburgh,  Pennsylvania  (1) 

Dr.  A.  Ihillipe 
School  of  Engineering 
Stanford  University 

Stanford,  California  (l) 


Dr.  S.  Raynor 

Armour  Research  Foundation 
Illinois  Institute  of  Technology 
Chicago  16,  Illinois  (1) 

Professor  E.  Reissner 
Dept,  of  Mathematics 
hfessachusetts  Institute  of  Technology 
Cambridge  39,  Maasachueette  (1) 

Professor  H.  Reissner 

Polytechnic  Institute  of  Brooklyn 

99  Livingston  Street 

Brooklyn  2,  New  York  (l) 

Dr.  Kenneth  Robinson 
National  Bureau  of  Standards 
Washington,  D.C.  (l) 

Professor  M.  A.  Sad cw sky 
Illinois  Institute  of  Technology 
Technology  Center 

Qilcago  16,  Illinois  (l) 

Professor  M.  G.  Salvador! 

Dept,  of  Civil  Engineering 
Columbia  University 

New  York  27,  New  York  (l) 

Dr.  F.  S.  Shaw 

Polytechnic  Institute  of  Brooklyn 

99  Livingston  Street 

Brooklyn  2,  New  York  (l) 


Professor  Gerald  Pickett 

Dept,  of  Mechanics 

University  of  Wisconsin 
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Dr.  H.  Poritzky 
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f ihenectady,  New  York  (l) 

Dr.  W.  Prager 

Graduate  Division  of  Applied  Mathen»tics 
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Santa  Monica,  California 

Attn:  Dr.  D.  L.  Judd  (l) 


vii 


Dr.  Daniel  T.  Sigley 
Applied  Ihysics  laboratory 
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Dr.  C.  B.  Smith 
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Professor  C.  R.  Soderberg 
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Professor  R.  V.  Southwell 
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Professor  E.  Sternberg 
Illinois  Institute  of  Technology 


Professor  E.  Volterra 
Rensselaer  Polytechnic  Institute 


Technology  Center 
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Hr.  R.  A.  Sykes 

Dept,  of  Aeronautical  Engineering 
New  York  University 

Bell  Telephone  Laboratories 

(l) 

University  Heights,  Bronx 

Hurray  Hill,  New  Jersey 

few  York,  New  York 

(1) 

Professor  P.  S.  Symonds 
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Dr.  Alexander  Weinstein 
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University  of  feryland 
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